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In  recent  years,  in  the  Inrest igat ions  of  aicroblologists,  biocheaists, 
and  genet iciets,  they  are  aore  and  sore  frequently  using  bacterial  protoplasts, 
that  is,  cells  that  hare  been  deprived  of  their  cellular  walls  as  a  result  of 
lysosyae  treataent.  The  met a bo lisa  of  the  lysosyae  protoplasts  differs  little 
froa  that  of  noraal  bacterial  cells  (Kalina,  1958;  Oparin,  1957;  McQuillen, 
1955). 

Under  certain  conditions  they  retain  their  capacity  to  synthesise  pro¬ 
teins  (Oparin  et  al.,  1957;  McQuillen,  1955  *>  b)  and  ribonucleic  acid 
(McQnlllen,  1955  a)  and  also  to  support  the  reproduction  of  bacteriophage 
(Brenner,  Stent,  1955;  Eraser,  Mahler,  1957;  Mahler,  Fraser,  1956;  Sal ton  and 
McQuillen,  1955). 

The  protoplast-like  foras  that  are  obtained  through  the  use  of  penlolllin, 
glycine,  and  bacteriophage  are  aorphologlcally  slailar  to  the  lysosyae  proto¬ 
plasts  (Brenner  et  al. ,  1958).  Little  is  known  of  these  forae  of  bacteria,  tat 
while  differing  froa  the  lysosyae  protoplasts  in  their  generation  aechanisa 
they  evidently  differ  also  in  their  properties.  The  protoplasts  and  the  proto¬ 
plast-like  foraations  represent  very  convenient  aodels  for  the  experiaental 
solution  of  many  questions,  because  through  the  lack  of  or  daaage  to  the  cell 
wall  they  possess  an  increased  peraeablllty  for  aacroaolecular  substances. 

This  has  aade  the  study  of  the  effect  of  ensyaes  on  the  intracellular  phase  of 
phage  developaent  possible  (Fraser  and  Mahler,  1957),  and  recently  enabled  the 
Infection  of  protoplasts  by  daaaged  phage  incapable  of  infecting  noraal  cells 
(Fraser  et  ad.,  195?;  Spisisen,  1957).  The  protoplasts  that  are  produced  by 
lysosyae  treataent,  which  are  useful  in  the  aajority  of  investigations,  cannot 
be  infected  by  a  whole  phage  inasauch  as  the  receptors  of  the  cellular  aea- 
brane  are  required  for  the  adsorption  of  the  phage.  The  virus  can  be  developed 
within  the  protoplasts  only  if  the  infection  of  the  bacteria  is  carried  out 
prior  to  the  lysosyae  treataent.  Therefore  the  first  phase  of  the  phage’s 
developaent  in  the  protoplasts  escapes  the  observance  of  the  investigators. 

In  this  regard  the  protoplast-like  foras  of  bacteria  that  originate  froa  peni¬ 
cillin  treataent  can  present  a  definite  advantage  over  the  lysosyae  protoplasts 
(Chargaff,  1957;  Hahn  and  Ciak,  1957;  Lederberg,  1956;  Adaas,  1950).  They 
evidently  have  a  reduced  aeabrane  (Hahn,  Clak,  1957)  that  oan  stipulate  a 
successful  adsorption  of  the  phage,  and  at  the  saae  tiae  possesses  an  increased 


permeability  for  aacroaolecules ,  particularly  desoxyribonucleic  acids  (Cbar^ff, 
1957).  In  addition,  other  advantages  of  these  protoplast-like  forms  are  their 
capacity  for  reversion  and  restoration  of  propagation,  and  simple  method  of  their 
production,  particularly  in  the  strains  resistant  to  lysosyae.  The  metabolism 
of  these  forms,  however,  is  much  more  inadequately  investigated  than  the  lyso- 
syme  protoplasts. 

Inasmuch  as  the  phage's  development  is  an  indication  of  a  system's  capacity 
for  extremely  complex  synthetic  processes  it  seemed  to  us  expedient  to  study  the 
possibility  of  phage  reproduction  in  the  protoplast-like  formations  produced  from 
enteric  bacilli  with  the  action  of  penicillin. 

A  freshly  isolated  culture  of  1.  coll  Bo.  600,  which  was  received  from  the 
Moscow  City  8anltary-Ipidemic  Station, and  was  typical  by  all  characteristics, 
and  an  enteric  phage  7-1,  which  was  given  by  A.  S.  Xrivlskiy,  served  as  the 
objects  of  the  investigation.  To  produce  the  protoplast-like  forms  ve  used  the 
method  proposed  by  Lederberg  (1956).  A  four-hour-old  broth  culture  was  diluted 
five  times  with  broth  containing  0.5  M  sucrose,  1  %  MgSOh,  and  1,000  units/ml 
of  penicillin  and  incubated  at  37°C.  After  1.5  hours  an  absolute  majority  of  the 
cells  was  transformed  into  spherical  formations  similar  to  the  "large  bodies" 
of  the  L-foras,  and  only  0.1  ^  of  the  cells  retained  their  original  morphology 
and  capacity  to  fora  colonies  with  the  usual  seeding  conditions. 

In  accordance  with  the  basic  task  of  the  investigation  we  first  of  all 
explored  the  possibility  of  infecting  the  protoplast-like  forms  with  the  7-1 
phage.  Tor  this  purpose  a  suspension  of  these  forms  in  a  0.5-percent  agar  was 
mixed  with  the  phage  and  placed  into  a  vonBruhn  oil  chamber.  The  multiplicity  of 
infection  in  ths  different  experiments  ranged  from  1  to  10.  With  a  visual  obser¬ 
vation  In  a  phase-contrast  microscope  at  3?°C  it  was  observed  that  of  the  Jk 

spherical  bodies  that  were  In  oontaot  with  the  phage  26  were  lysed  within  30-50 

minutes,  whereas  in  the  control  (without  the  phage )only  one  of  32  was  lysed. 

These  findings  indicated,  evidently,  a  possibility  of  infection  and  lysis  of  the 
protoplast-like  forms  by  the  7-1  phage,  although  it  has  still  not  been  proved 
that  phage  reproduet ion  with  the  formation  of  nature  viral  particles  occurs 
within  them.  To  find  the  capacity  of  the  phage  to  reproduce  within  the  proto, 
plant-like  forms  we  determined  ihe  phage  production  at  different  tine  Intervals 
aftsr  infection  of  both  the  spherical  bodies  and  normal  cells.  It  is  seen  from 
ths  resultant  data  (table  l)that  the  7-1  phage  reproduces  in  the  protoplast- 
llkn  forms,  although  the  number  of  phage  particles  is  10-11  times  less  than  in 
the  whole  cells.  It  was  possible  to  explain  such  a  large  disparity  in  the  quan¬ 
tity  of  phage  by  one  of  two  reasons:  either  the  spherical  forms  present  a  less 
favorable  biological  system  for  phage  reproduction  than  do  the  normal  cells,  or 
the  phage  development  in  them  is  repressed  by  the  penicillin. 

Therefore  in  the  next  experiment  the  development  conditions  for  the  phage 
in  the  bacilli  and  in  the  epherlcal  bodies  were  balanced  by  adding  penicillin  to 
the  taste  with  the  normal  cells.  As  seen  in  table  2, in  a  60- minute  incubation 
wader  these  conditions  the  number  of  phage  particles  Increased  68  tines  at  the 
expense  ef  ths  baoterial  cells  ,  and  in  the  test' with  the  protoplast-like  forms 
It  Increased  only  13  Maes.  The  low  phage  production  in  the  latter  case  cannot 
be  explained  by  the  reproduction  attributed  exclusively  to  the  remaining  cells. 


however,  because  calculation  will  show  that  with  such  an  assumption  the  phage 
production  froa  one  cell  would  exceed  5 .000  corpuscles,  which  is  completely 
unrealistic  and,  as  will  be  seen  later,  contradicts  the  results  of  the  experi- 
aents.  Thus,  one  should  recognise  that  the  phage  production  data  resulting 
froa  the  tests  with  the  protoplast -like  foras  are  limited  chiefly  to  its  repro¬ 
duction  in  the  spherical  bodies  alone.  Consequently,  it  can  be  considered  as 
established  that  the  protoplast-like  foras  that  are  produced  by  the  effects  of 
penicillin  are  not  only  infected  by  the  phage,  but  are  also  capable  of  securing 
its  reproduction. 

Tor  a  more  detailed  account  of  the  penicillin's  effect,  experiments  were 
conducted  in  three  parallel  tests:  the  first  consisted  of  cells  with  sucrose 
and  MgSOi>,  the  second  of  protoplast-like  foras  in  the  same  medium  with  50  units 
per  ml  of  penicillin,  and  the  third  of  protoplast-like  f:.as  with  1,000  unlts/ml 
of  penicillin.  As  seen  fron  table  3  the  phage  reproduction  in  the  spherical 
bodies  is  significantly  lower  than  in  the  cells,  but  the  increase  of  the  concen¬ 
tration  of  penicillin  lowers  their  phage  production  still  more. 

The  effect  of  the  antibiotic  could  be  attributed  either  to  a  suppression 
of  the  phage's  adsorption  to  the  protoplast -like  foras,  or  to  a  suppression  of 
the  phage's  processes  of  Intracellular  development.  The  next  series  of  experi¬ 
ments  were  conducted  to  resolve  this  question.  The  protoplast-like  forms  were 
washed  from  the  penicillin  by  a  single  centrifugation,  and  were  resuspended  in 
a  hypertonic  medium  without  the  antibiotic.  To  one  portion  of  then  1,000  units/ml 
of  penicillin  was  added  directly  prior  to  the  infection,  another  portion  was 
Infected  without  the  antibiotic,  and  to  a  third  portion  the  penicillin  was 
added  5  minutes  after  the  infection  with  the  phage  in  order  to  exclude  the 
antibiotic*  effect  on  adsorption.  The  resultant  data  (table  4)  shows  that  in 
an  absence  of  penicillin  the  nuaber  of  phage  is  Increased  90  tlaes  during  a 
50-minute  incubation,  whereas,  in  its  presence  the  quantity  increases  only 
3-4  times,  whereupon  the  second  and  third  tests  were  practically  identical. 
from  this  it  is  possible  to  conclude  that  the  penicillin,  in  decreasing  the 
phage  production  in  the  protoplast-like  foras,  affects  the  intracellular  phase 
of  its  development  rather  than  its  adsorption. 

Taking  this  into  consideration,  in  the  next  experiments,  which  were  under¬ 
taken  to  make  the  productivity  of  the  phage  in  the  spherical  bodies  more  dear, 
we  washed  the  spherical  bodies  froa  the  penicillin.  In  these  experiments  we 
determined  the  phage  production  froa  single  spherical  bodies  and  froa  single 
normal  cello  by  the  Barnet  aethod  (Adaas,  1950).  As  seen  froa  table  5  the  num¬ 
ber  of  the  T-l  phage  particles  in  a  separate  bacterial  cell  reaches  an  average 
660,  whereas  the  lysis  of  a  single  spherical  body  releases  an  average  of  60 
corpuscles,  ®te  difference  in  the  number  of  phage  particles  in  the  no real  cells 
and  in  the  protoplast -like  foras  is  approxiaately  the  saae  as  in  the  case  of 
the  lysosyae  protoplasts  (Mahler  and  Traser,  1956).  By  analogy  with  the  latter 
it  was  possible  to  suppose  that  because  of  the  daaage  to  the  cell-wall  struc¬ 
ture  lysis  of  the  spherical  bodies  occurs  before  the  phage  is  able  to  repro¬ 
duce  in  thea.  Tor  a  check  of  this  hypothesis  we  staged  experiments  in  which 
we  deteralned  the  duration  of  the  phage  developaent  in  the  period  of  two  con¬ 
secutive  generations  (by  a  type  of  two-phased  curve)  in  the  protoplast -like 
foras  and  in  normal  cells.  These  experiments  had  to  slaultaneously  give  a 
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conclusive  answer  to  jot  another  question:  nro  tho  protoplast-like  forno  that 
nro  produced  by  the  effect  of  penieillia  actually  diet ingnished  froa  the  lyso- 
syae  protoplast*  by  a  capability  to  adsorb  phage ,  or  oan  they  only  euetain  the 
reproduction  of  phage  that  has  been  adsorbed  earlier  (table  5)«  Actually,  one 
would  think  that  after  1.5  hours  of  the  penicillin's  action  a  portion  of  the 
cells  would  still  retain  a  coaparat lvely  slightly  altered  cellular  aeabrane 
with  the  receptors  to  which  the  phage  is  adsorbed.  If  the  phage  adsorption  is 
stipulated!  only  by  these  cells,  then  they  should  be  lyaed  by  the  first  generation 
of  phage  and  there  should  be  no  second  cycle.  As  seen  froa  the  drawing  two 
cycles  of  phage  reproduction  are  observed  in  the  noraal  eelle  and  in  the  proto¬ 
plast-like  forms,  whereupon  the  duration  of  the  first  and  second  generations  are 
praet ically  identical  both  for  the  noraal  cells  and  for  the  spherical  bodies. 
Consequently,  the  eaall  quantity  of  phage  particles  in  the  spherical  bodies 
cannot  be  explained  by  their  preaature  lysis.  These  tests  also  allow  one  to 
consider  as  conclusively  proved  that  the  protoplast-like  foras  received  by 
penieillia  treataent  have  the  capacity  to  adeorb  phage.  In  distinction  froa 
the  lysosyae  protoplaete.  Their  adsorption  of  phage  attains  50-80  whereas 
for  noraal  cells  it  aaouats  to  85-90  >. 

froa  here  it  follows  that  the  protoplaet-like  foras  retain  certain  surface 
structural  coapoaents  that  participate  in  the  process  of  phage  adsorption.  And, 
indeed,  agglutination  experiments  on  the  spherical  bodies  with  epee if ic  laaone 
serua,  which  was  produced  bgr  ianunlsatlon  with  bacterial  cells,  showed  that 
they  are  agglutinated  aa  high  as  a  titer  and,  consequently,  contain  certain 
surface  antigens.  These  facte  cane  to  light  in  a  oytoaorphologleal  investigation 
of  the  spherical  bodies  by  the  Knaysl  aethod  for  tho  developnent  of  the  aea- 
braae  (Knaysl,  19A1).  Ve  discovered  in  thea  the  presence  of  both  a  cytoplaealo 
aeabrane  and  also  a  wall,  though  possibly  in  a  reduced  condition. 

The  results  of  all  of  the  described  experiments  give  a  basis  to  conclude 
that  the  protoplast -like  foras  produced  through  the  use  of  penicillin  present 
a  sufficiently  suitable  eystea  capable  of  securing  a  full-value  development  of 
phage.  Moreover  we  have  shown.  Jointly  with  Ooldfarb,  Gorlenko,  Bankinaya,  and 
Basin,  that  the  protoplast-like  foras,  like  the  lysosyae  protoplasts  (Traser, 
1957),  can  be  infected  by  preparations  of  disintegrated  phage  that  are  completely 
inactive  in  relation  to  noraaloells.  This  phenomenon  has  been  reproduced  both 
on  the  intestinal  phage  T-4  and  on  several  other  entero-dyseaterie  phages, 
whereupon  the*penlcllllna  protoplast -like  foras  of  phage-sene it ive  and  phage- 
res  let  ant  strains  ox  enteric  and  dysenteric  bacteria  can  serve  as  the  recipients. 

Conclusions 

1.  The  protoplast -like  foras  produced  froa  enteric  bacilli  by  the  effect 
of  penicillin  are  capable  of  adsorbing  phage,  and  are  thus  distinguished  froa 
the  protoplaete  produced  through  the  use  of  lysosyae. 

2.  The  protoplaet-like  foras  are  oapable  of  securing  the  reproduet Ion  of 
phage,  although  the  phage  prodnetlea  is  ten  tlaes  less  than  that  froa  noraal 
•oils. 


3.  The  peniolllin  does  not  affect  the  amount  of  phage  adsorption,  but 


suppresses  the  intracellular  phase  of  the  phage* a  developaent  in  the  spherical 
bodies.  Therefore,  in  a  study  of  the  given  process  it  ia  necessary  to  reaove 
the  penicillin  froa  the  nediua  in  which  they  are  situated. 

4.  Inasmuch  as  the  protoplast-like  foraations  are  capable  of  securing 
phage  developaent  and  at  the  saae  tine,  evidently,  possess  an  increased  per- 
aeabillty  for  the  aacrcaolecular  substrates,  their  use  seeas  expedient  for 
the  study  of  the  reproduction  aeehaniaa  of  bacterial  viruses. 

Received  14  Aug  1958  Institute  of  Biophysics  of  the  Acadeay 

of  Sciencos  of  the  U88R,  Institute  of 
Ipldealology  and  Microbiology  ia.  (in 
nans  of)  I.  V.  Oaaaleya,  Acadeay  of 
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Table  1 

The  pattern  of  phage  production  fro*  normal  cell*  and  from  the  protoplast¬ 
like  forme. 


The  phage  titer  after  (minutee)  Phage  produc- 

Teet  - - --- - - -  tion  (fo  of 

0  10  30  45  60  part  idee  per 

_ _ cell) _ 


formal 

eella 


4.8  x  106  7.4  x  105 


4.0  x  108 


8.0  x  10® 


Proto¬ 

plast* 

lit®  £  /  /  n  n 

forms  4.8  x  10  2.5  x  10°  2.8  x  10°  1.3  x  lo'  4.1  x  10r 


196 


17.8 


Table  2 


Phage  production  from  normal  colls  and  the  protoplast -like  forms  in  the 
presence  of  500  unlts/al  of  penicillin. 


Io.  of  Phage  titer  after  (minutes)  Phage  production 

Tost  t  la  bio  -  (Bo  of  particles 

cells  in  0  50  per  cell) 

_ a  ml _ 


formal  cello  30  x  10®  4.8  x  10®  J.2  x  1010  66.7 

Protoplast-  8  q 

like  forms  1.0  x  10®  4.8  x  10  6.3  x  10*  13.1 


3 

The  effect  of  the  concentration  of  penicillin  on  the  reproduction  of  phage 
in  the  protoplast-like  forms. 


Tost 

Penicillin 
concentra¬ 
tion  in 
unlts/al 

Phage  titer  after  (minutes) 

0  50 

Ihage  production 
(fo  of  particles 
per  cell) 

formal  oells 

- 

1.0  x  10' 

8.6  x  10° 

86 

Protoplast - 
like  forms 

50 

1.0  x  loZ 

5.5  x  10 1 

5.5 

1000 

1.0  x  lo' 

6 

1.1  x  10' 

1.1 

Table  4 


The  affect  of  penicillin  of  the  adsorption  and  reproduction  of  phage 
in  the  protoplast-like  foras. 


When  the 
penicillin 
was  added 

Phage  titer  sifter  (ainutes) 

Phage  production 
(No  of  particles 
per  cell) 

0 

10 

50 

Not  added 

8.8  x  106 

3.4  x  106 

4.9  x  108 

90 

prior  to 
infection 

8.8  x  106 

5.7  x  106 

9.5  x  106 

3.1 

5  ainutes 
after 
infect  ion 

8.8  x  106 

5.0  x  106 

1.6  x  107 

4.2 

Table  5 

The  nuaber  of  f-1  phage  particles  in  the  noraal  cells  and  in  the  proto¬ 
plast-like  foras  (the  single  cell  aethod). 


Test 

Nuaber 

of 

Tests 

Quantity 
of  phage 

Average 

Ho.-aal  cells 

32 

21.190 

662 

Protoplast- 

like  foras 

11 

633 

57.5 

7 


Phage  reproduction  rates  in  whole  cells  and  in  the  protoplast -like  Tons 
(in  percentages  froa  the  aaxlnuas). 

1  -  Vernal  cells;  2  -  The  protoplast -like  foras. 
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